Thank you for submitting your manuscript for consideration by The EMBO Journal. I apologise for the length of time it has taken to have your manuscript reviewed but we had a little difficulty in getting back one of the referee reports despite some extensive chasing. However, I have now received the third and final report, which together with the previous comments is quite positive. I enclose all the reports below.
As you will see from the comments overall the referees find the analysis of transcriptional networks in stem cell division to be novel and interesting and after some further experimental analysis potentially suitable for publication in the EMBO Journal. Referee #1 would like to see some analysis of the role of Asense, Deadpan and Snail in neuroblast self-renewal and both referee #1 and #2 would like some genetic and biochemical evidence for the function and interactions of the transcription factors. Referee #3 would like a more detailed clarification of several technical issues including the description of the neuroBLAST database.
Should you be able to address these criticisms, we would happy to consider a revised manuscript. I should remind you that it is EMBO Journal policy to allow a single round of revision only and that, therefore, acceptance or rejection of the manuscript will depend on the completeness of your responses included in the next, final version of the manuscript. When you submit a revised version to the EMBO Journal, please make sure you upload a letter of response to the referees' comments.
Thank you for the opportunity to consider your work for publication. I look forward to your revision.
Yours sincerely, 1. Among four major transcription factors (Prospero, Asense, Deadpan, and Snail) that this manuscript focused on, only Prospero had a previously well-described function during the regulations of neuroblast self-renewal and differentiation. Although Prospero seemed to repress the expression of Asense and Deadpan (Choksi SP, et al., Dev Cell 2006) , the function of Asense, Deadpan, and Snail during larval central brain neuroblast self-renewal (the best well-established system for studying neuroblast self-renewal and differentiation in Drosophila) are not well characterized. Asense, Deadpan and Snail have been widely used as markers for neural stem cells, however, whether they are important for larval central brain neuroblast self-renewal is not clear. Therefore, it is important to analyze their mutants to understand their precise role in neuroblast selfrenewal, before analyzing the transcriptional networks that are regulated by them. The function of Asense during neuroblast self-renewal is complicated and needs to be carefully investigated. Two neuroblast lineages had recently been described in larval brains, of which one is Asense-negative DM (dorsomedial) lineage and the other is Asense-positive non-DM lineage (Bello BC et al., Neural Dev; Bowman SK, et al., Dev Cell 2008) . The Asense-negative neuroblast has a much larger lineage than that of Asense-positive neuroblast. However, in ase1 mutant, no excess neuroblast is observed (Bowman SK, et al., Dev Cell 2008) . Therefore, it is currently unclear whether Asense has any function during neuroblast self-renewal or differentiation.
2. The authors concluded that Prospero antagonizes the function of Asense, Deadpan and Snail by their transcriptional network data. The authors need to carry out genetic analysis, for example, by investigating whether reducing or depleting Asense, Deadpan or Snail function could suppress neuroblast overgrowth of pros-mutant. This will strengthen the above conclusion and the significance of identifying common targets between Prospero and Asense/Deadpan/Snail.
3. The authors observed that some of target genes are repressed by Prospero while activated by one of Asense, Deadpan and Snail and concluded that Prospero antagonizes the other three transcription factors. However, the authors also showed that many other target genes that came from this work could be activated by both Prospero and Asense, which would suggest that Prospero and Asense have similar functions in regulating neuroblast self-renewal and differentiation. The authors need to clarify this conflicting data by 1) performing CHIP (Chromatin immunoprecipitation) experiments to confirm whether these target genes are indeed associated with both Prospero and Asense/Deadpan/Snail or they are false positives from the analysis; 2) carrying out basic characterizations of some representative novel target genes from this transcriptional network and show that they are indeed involved in the regulation of neuroblast self-renewal and differentiation or nervous system development in Drosophila. And their phenotype should be compared with those of Prospero, Asense/Deadpan/Snail mutants.
Minor comment:
The authors mentioned that they developed a motif discovery tool called MICRA. And they found that using this tool, they identified the binding sites of Asense, Deadpan and Snail. However these binding sites were previously known. The authors should discuss whether this tool can be used for identifying binding sites of other transcription factors whose targets are unknown or poorly characterized.
Referee #2 (Remarks to the Author):
The study from Southall et al use a number of genomic and computational approaches to obtain a genome wide map of genes involved in nervous system development during Drosophila embryogenesis. DamID of Asense, Deadpan and Snail (three transcription factors (TFs) essential for neuroblast specification) were used to make a global map of the direct target genes regulated by these factors. These data were complemented by expression profiling of isolated neuroblast cell populations from asense mutant embryos. The authors integrate this data with previous data on Prospero, a transcription factor essential to repress self-renewal of neuroblast and promote differentiation.
They also generate a new method to identify over-represented motifs in low-resolution data generated from DamID (MICRA).
Overall the study is very well conducted. The authors used very stringent cut-off to define the TF bound regions and use a very nice technique to expression profile relatively pure populations of cells. The data presented here will act as a catalyst for many future studies on neuroblast development. 1) Title: 'predict' in this context is a misuse of the word. The reader (and this reviewer) was expecting this study to use some probabilistic modeling to make predictions of nervous system development. The authors use their data (very successfully) to highlight (pinpoint, reveal, suggest) new potential functions of genes 2) Last sentence of the Abstract "This provides a novel method for identifying key genes from transcriptional network data". This is a big claim that is not founded. Transcriptional network data has been used to predict the function of genes in many studies. The fact that the authors find a higher correlation between genes coregulated by multiple TFs may simply reflect the fact that as these genes were identified in 3 independent genetic experiments, they represent a very high confidence set of neuroblast genes.
3) The 245 regions bound by all 4 TFs include loci for genes involved in neuroblast cell fate, proliferation and differentiation. Genes involved in neuroblast cell fate and proliferation would be expected as targets for Asense, Deadpan and Snail, but differentiation genes do not match what is known from genetics. Conversely, Prospero would be expected to regulated differentiation genes and not neuroblast cell fate and cell cycle genes. Do the authors have an explanation for this? Do these genes change in the expression profiling of the respective mutants? Can Asense and Prospero act as both transcriptional activators and repressors? If not, is this overlap spurious binding?
4) The authors show the conservation around Asense DamID peaks, but what about the other TFs? The level of conservation for Asense was not that high. Is the conservation around Deadpan and Snail peaks significant? The conservation for these factors is not shown in the supplementary material. 5) By integrating the binding data for the four TFs, the authors 'find genomic loci where multiple TFs bind'. They then compare this to the "multiple transcription factor-binding loci' (MTL) described by Chen et al. These multi TF bound regions are shared enhancer regions and should be simply called 'putative cobound enhancers' or something like that. In this context, the statement at the end of this section is ridiculous -"We propose that MTLs have evolved in multicelluilar organisms to provide precise and robust control of genes critical for development and survival". Replacing MTL, you are essentially stating, "We propose that enhancers have evolved in multicelluilar organisms to provide precise and robust control of genes critical for development and survival", which of course is true, but not that novel ! The present study is a very nice example of integration of TF binding data with expression profiling data to get a global picture of direct transcriptional targets and their regulation within a developmental context. The manuscript will benefit more from highlighting the knowledge gained at multiple levels from these data.
More minor points 6) Abstract -"...with 245 genes bound by all four factors". Suggest rewording to "... 245 genomic loci bound by all factors"
7) The second last sentence of the Abstract (starting with 'Correspondingly,) should be rephrased. The current version requires 2-3 reads to understand the full meaning. This paper uses a method of genome location of TF binding combined with expression profiling to explore the network downstream of 4 characterised transcription factors in Drosophila neuroblasts, which can be regarded as a form of neural stem cell. This data, for Asense, Deadpan and Snail, builds on previously published data for Prospero, which is required to promote differentiation of the stem cells. The main message of the paper is that a surprisingly large number of target genes are bound by all four factors. In the light of other recent reports of a similar observation, this finding is significant, particularly as it is a direct in vivo demonstration. A second message is that the authors highlight the possibility that such multiply-bound genes are enriched in genes previously linked to nervous system phenotypes, thereby providing a possible 'short-cut' to identifying important genes. In addition, the authors usefully combine the molecular data with other sources, including text mining, in a procedure to help identify possible important new genes among the targets. This looks novel and convincing, although not enough detail is provided to assess the database properly.
Overall, the data are good quality and the analysis is interesting and mostly convincing. The paper is written very tersely (one might say hurriedly?), particularly with regard to earlier literature, and in places the description of the data and the data itself lack detail that I feel is essential to allow interpretation and understanding.
1. The Introduction is short. There is only one short paragraph introducing the 3 TFs analysed in this study, which makes it harder for the reader to discern what the authors hope to achieve.
2. p4, para 2: What does the P value refer to -what is being measured? Is it really possible to have a P of 0 (especially given that there are values of 10e-243 later on!). Figs 2B and 2C are labelled the wrong way round. The last sentence of the paragraph seems unjustified as written: the data only 'implies' that the genes are inversely regulated based on the known functions of the TFs.
3. My first thought given the large overlap in targets is that it might be a reflection of chromatin accessibility to TF binding in general. Has this been satisfactorily ruled out for the DamID technique? Is there enough negative control data available to confirm this? 4. P5. In looking at sequence conservation, it appears that a cut-off of 0.6 was chosen. There is no explanation for why this value was chosen. 5. P5 para3: Fig 3C should be Fig. S5 . The data in this figure are inadequately explained in the text and legend. It is not clear how the MEME analysis follows from the frequency analysis. Is the MEME analysis just taking those sequences with the correct 6-mer from the frequency analysis (which might explain the miniscule P values)? What does the '8-mers' refer to in the figure? Should there be P values for the motif frequencies?
6. P6 para1: it is not clear to me how motif discovery unambiguously identified the Dpn and Sna binding sites (given that its are not over-represented in the case of Sna).
7. P6 para 2: The identification of MTLs is very interesting and is a nice independent (and in vivo) illustration of what has been suggested in other studies.
8. P7 para 2: This paragraph describes the neuroBLAST database. This looks to be a very useful tool for validating the importance of MTLs and prioritising genes for possible further analysis. However, the description is brief and the supplementary material does not illuminate a lot further (the www.neuroBLAST.org site is not accessible). The results from this of the database of gene rankings are described on P7/8 and the data shown in Fig 5. However, there are a number of unclear points. The text states that the database ranking 'highlights known key players', but it should be made clear whether these were also in the training set, in which case they would of course be highlighted. For the novel genes highlighted, it is not clear why/how the genes mentioned have been 'cherry-picked' from the 350 MTL genes. For construction of the database itself, this looks like a very interesting approach, but not enough detail is given of the methodology -e.g. of how the weightings for the various forms of data were formalised and manipulated.
9. P9. What is the interpretation of the role of Notch signalling genes in the process of renewal versus differentiation? It is mentioned in the text as though this is obvious and provides support for negative regulation of differentiation by Asense. The transcriptional network is a useful summary of the data but one must be careful not to overinterpret it -until further data are produced, only a small number of genes tentatively back the conclusion that Asense, Deadpan and Snail, and Prospero act antagonistically on genes involved in self-renewal and differentiation. Also, presumably this is a 'hand-picked' selection of genes to illustrate certain points (rather than a complete network). There's nothing wrong with this, but it should be made clear in the legend. I think 'directed evolution' has a very specific meaning that doesn't apply here. Possibly a 'genetic algorithm' is involved instead, but the lack of detail about the approach in the Methods makes it impossible to determine. Response to referees for manuscript EMBOJ-2009-71620 We thank the reviewers for their helpful comments and respond to each of their points as follows:
Referee 1 We disagree that genetic analysis must necessarily precede molecular genetic analysis. As the reviewer mentions, analysis of mutants has, to date, not been overly informative. Therefore, an alternative approach, examining the genes that these factors regulate, as we have described, can provide an insight into their function. Given that Asense, Deadpan and Snail regulate many targets in common, all three might have to be removed to see a significant effect on the prospero mutant phenotype.
The authors concluded that

The authors observed that some of target genes are repressed by Prospero while activated by one of Asense, Deadpan and Snail and concluded that Prospero antagonizes the other three transcription factors. However, the authors also showed that many other target genes that came from this work could be activated by both Prospero and Asense, which would suggest that Prospero and Asense have similar functions in regulating neuroblast self-renewal and differentiation.
Inspired by the reviewer's comments, we performed a more in depth analysis of our data. This has revealed a potential dual function for Asense, where Asense also has a role in the GMC to promote differentiation and cell cycle exit (see results section 5 on page 7 and the discussion). Based on these data, we also discuss the significance of the absence of Asense in the DM/PAN lineages of the larval brain.
The authors need to ....1) perform CHIP (Chromatin immunoprecipitation) experiments to confirm whether these target genes are indeed associated with both Prospero and Asense/Deadpan/Snail or they are false positives from the analysis;
The question of spurious binding is also raised by the other reviewers. DamID has been verified independently by ChIP-chip, by mapping to polytene chromosomes and by 3D microscopy data (for details, see page 11, first paragraph of the results section). We have compared the DamID binding data for Asense, Deadpan, Snail and Prospero to that of a different neural transcription factor, Pdm1 (Wu and Brand, unpublished). Although Pdm binds to a similar number of target genes, of the 245 genes bound by Prospero, Asense, Deadpan and Snail, only 17 (7%) are also bound by Pdm1 (page 5, first paragraph). Therefore, multiple binding is not spurious or due to open regions of chromatin that can be recognised by all transcription factors.
2) carrying out basic characterizations of some representative novel target genes from this transcriptional network and show that they are indeed involved in the regulation of neuroblast selfrenewal and differentiation or nervous system development in Drosophila. And their phenotype should be compared with those of Prospero, Asense/Deadpan/Snail mutants.
This is work in progress but beyond the scope of this manuscript.
Minor comment: The authors mentioned that they developed a motif discovery tool called MICRA. And they found that using this tool, they identified the binding sites of Asense, Deadpan and Snail. However these binding sites were previously known. The authors should discuss whether this tool can be used for identifying binding sites of other transcription factors whose targets are unknown or poorly characterized.
The identification of the previously characterised binding motifs using a completely independent method (MICRA) provided unbiased support for our DamID data. We have also used MICRA to successfully identify a previously unknown binding site, but these data are unpublished and unrelated to this manuscript.
Referee 2
1) Title: 'predict' in this context is a misuse of the word. The reader (and this reviewer) was expecting this study to use some probabilistic modeling to make predictions of nervous system development. The authors use their data (very successfully) to highlight (pinpoint, reveal, suggest) new potential functions of genes
We thank the reviewer for bringing this to our attention. We now use the word 'highlight' instead.
2) Last sentence of the Abstract "This provides a novel method for identifying key genes from transcriptional network data". This is a big claim that is not founded. Transcriptional network data has been used to predict the function of genes in many studies. The fact that the authors find a higher correlation between genes coregulated by multiple TFs may simply reflect the fact that as these genes were identified in 3 independent genetic experiments, they represent a very high confidence set of neuroblast genes.
We have removed this sentence from the abstract.
3) The 245 regions bound by all 4 TFs include loci for genes involved in neuroblast cell fate, proliferation and differentiation. Genes involved in neuroblast cell fate and proliferation would be expected as targets for Asense, Deadpan and Snail, but differentiation genes do not match what is known from genetics. Conversely, Prospero would be expected to regulated differentiation genes and not neuroblast cell fate and cell cycle genes. Do the authors have an explanation for this? Do these genes change in the expression profiling of the respective mutants?
We have shown that Prospero binds to and represses neuroblast genes to switch off the stem cell fate, and is required to activate differentiation genes (Choksi et al., 2006) . Conversely, Asense, Deadpan and Snail may be required to repress differentiation genes in neural stem cells. Vertebrate stem cell transcription factors have been shown to repress differentiation genes to maintain the stem cell state (see Boyer et al., 2005, Cell and Loh et al., 2006, Nature Genetics) . We show, from expression profiling of asense mutant cells, that there are differentiation genes that Asense binds to and represses (see Figure 6B ).
Can Asense and Prospero act as both transcriptional activators and repressors?
It is becoming apparent that transcription factors can have roles in both activation and repression, in Drosophila (Prospero, Choksi et al., 2006) and in vertebrate stem cell transcriptional networks (Boyer et al., 2005; Loh et al., 2006) . The ability to either repress or activate is likely to be due to interaction with co-factors, and the ability to recruit chromatin remodelling complexes to specific loci. The topic of repressing differentiation genes in stem cells and the ability of transcription factors to both repress and activate is included in the discussion (paragraph 1)
If not, is this overlap spurious binding?
The question of spurious binding is also raised by the other reviewers. DamID has been verified independently by ChIP-chip, by mapping to polytene chromosomes and by 3D microscopy data (for details, see page 11, first paragraph of the results section). We have compared the DamID binding data for Asense, Deadpan, Snail and Prospero to that of a different neural transcription factor, Pdm1 (Wu and Brand, unpublished) . Although Pdm binds to a similar number of target genes, of the 245 genes bound by Prospero, Asense, Deadpan and Snail, only 17 (7%) are also bound by Pdm1 (page 5, first paragraph). Therefore, multiple binding is not spurious or due to open regions of chromatin that can be recognised by all transcription factors.
4) The authors show the conservation around Asense DamID peaks, but what about the other TFs? The level of conservation for Asense was not that high. Is the conservation around Deadpan and Snail peaks significant? The conservation for these factors is not shown in the supplementary material.
Conservation levels at Deadpan and Snail binding sites are now shown in Supplementary figure S5.
5) "We propose that MTLs have evolved in multicelluilar organisms to provide precise and robust control of genes critical for development and survival". Replacing MTL, you are essentially stating, "We propose that enhancers have evolved in multicelluilar organisms to provide precise and robust control of genes critical for development and survival", which of course is true, but not that novel !
We have removed the statement at the end of that section.
The present study is a very nice example of integration of TF binding data with expression profiling data to get a global picture of direct transcriptional targets and their regulation within a developmental context. The manuscript will benefit more from highlighting the knowledge gained at multiple levels from these data.
We performed a more in depth analysis of our data. This has revealed a potential dual function for Asense, where Asense also has a role in the GMC to promote differentiation and cell cycle exit (see results section 5 on page 7 and the discussion).
More minor points 6) Abstract -"...with 245 genes bound by all four factors". Suggest rewording to "... 245 genomic loci bound by all factors"
Done.
7) The second last sentence of the Abstract (starting with 'Correspondingly,) should be rephrased. The current version requires 2-3 reads to understand the full meaning.
This has been re-written.
8) Add a base pair scale bar to Fig 2B
9) In the text describing 'Asense binding is associated with high levels of DNA conservation' the wrong figure is referenced. It's 3B not 2B
Done. The P-value referred to a Monte Carlo simulation, which assessed the probability of getting the high levels of overlap between gene targets. However, as the degree of overlap is quite obvious, this has been removed. The last sentence of that paragraph has been altered.
My first thought given the large overlap in targets is that it might be a reflection of chromatin accessibility to TF binding in general. Has this been satisfactorily ruled out for the DamID technique? Is there enough negative control data available to confirm this?
P5. In looking at sequence conservation, it appears that a cut-off of 0.6 was chosen. There is no explanation for why this value was chosen.
We have altered the corresponding figure in Supplementary materials ( Figure S6 ) and included analyses for each factor using different conservation thresholds (0, 0.3, 0.6 and 0.9). The optimal conservation threshold for identifying the corresponding motifs (from the literature) varies between the three transcription factors, however it is clear that using mid range cut off values (0.3 and 0.6) are more effective than no conservation threshold or a high threshold (0.9). Fig 3C should We were using the MEME tool in an attempt to generate position weight matrices from the MICRA data. We now realise that this is not the optimal method to achieve this. Further development will be required to generate position weight matrices from the MICRA data. We have removed the MEME analysis and the figure has been replaced with our analysis of using different conservation thresholds ( Figure S6 ).
P5 para3:
P6 para1: it is not clear to me how motif discovery unambiguously identified the Dpn and Sna binding sites (given that its are not over-represented in the case of Sna).
We thank the reviewer for raising this point and realise that the wording used was too strong.
We have re-worded that sentence within the text. However, in the case of Sna, the previously identified binding motif (CAGGTN) is highly over-represented (see updated Figure  S6 ), with CAGGTA being the most over-represented 6 mer, at 0 and 0.3 conservation thresholds and 5th highest at a 0.6 threshold. The key known players are present in the training set; however, for the purpose of generating the weighted scores, we masked the occurrence in Drosophila text mining searches. Therefore the weighted scores are based on relatively unbiased DamID, genetic and expression pattern screens. Furthermore, the majority of these key players are identified by the multiple binding data (eg. Bound by 3 or 4 of the TFs), independently of weighted scores and external screens.
For the novel genes highlighted, it is not clear why/how the genes mentioned have been 'cherrypicked' from the 350 MTL genes.
The novels genes highlighted in figure 5 were chosen because they had not been studied in nervous system development, or were totally novel and had not been functionally investigated in any system at all. We have modified the text throughout the manuscript. The network ( Figure 6B ), emphasises key groups of genes. The figure legend now makes that clear.
Discussion: This appears to be very brief -should it perhaps be 'Conclusion' instead?
We have expanded this section.
Further comments on the Figures:
Fig 3: (a) It is not clear what this is -is the 'binding site' simply the peak of enrichment? (b and c) What are the two curves on each graph?
That is correct, it is the peak of enrichment. The figure legend has been modified to make this clear. The second red curves on the graphs are generated from moving average windows. The figure legend has been updated.
Fig 5: I think 'directed evolution' has a very specific meaning that doesn't apply here. Possibly a 'genetic algorithm' is involved instead, but the lack of detail about the approach in the Methods makes it impossible to determine.
We thank the reviewer for pointing this out and we have renamed the approach 'random permutation algorithm' and also expanded the description of it in the results section (results section 3, paragraph 2), in the Supplementary Methods and included a Supplementary figure (S7) showing the weighted scores generated.
2nd Editorial Decision 14 September 2009
The authors' point-by-point response was evaluated by the Executive Editor and the manuscript was accepted for publication.
